ABSTRACT A panel of rat monoclonal antibodies was used to classify mouse mast cells from four different sources on-the basis of their surface determinants. Three populations of mast cells were derived by culturing normal bone marrow, spleen, and peripheral blood cells, whereas the fourth population was isolated directly from the peritoneal cavity. For each population, a surface antigen phenotype was determined by indirect immunofluorescence microscopy and compared to the phenotypes of the other populations of mast cells. The results showed that culture-derived mast cells, regardless of origin, had nearly identical antigen phenotypes, suggesting that these populations were comparable. By contrast, per-itoneal mast cells had a different phenotype, suggesting that they represented a class distinct from culture-derived mast cells. These findings, which corroborate classification schemes based on nonimmunologic methods, demonstrate that subpopulations of mouse mast cells can be distinguished antigenically.
Mast cell heterogeneity has been observed in vivo for many years, based principally on histologic and ultrastructural criteria (1) (2) (3) (4) . More recently, biochemical and functional characterizations of-mast cells (5, 6 ) have confirmed that two major classes of mast cells exist in vivo, one found in the skin, con--nective tissue, and peritoneal cavity and the other in the intestinal mucosa.
The ability to culture mast cells in vitro from progenitor cells in hematopoietic (7) (8) (9) (10) (11) and lymphoid (12, 13) tissues has provided readily available populations of mast cells for phenotypic characterization and comparison with mast cells found-in vivo. Cultured mast cells resemble mucosal mast cells in several ways, including histamine content (5, 10) and dependence on a factor(s) from thymus (14) or thymus-derived lymphocytes (10) for growth. Culture-derived mast cells differ from connective tissue mast-cells in these same-characteristics. These two populations also possess distinct glycosaminoglycans (15, 16) and elaborate different metabolites of arachidonic acid (17) .
Heterogeneity also could-be expressed by mast cells through their surface determinants. Accordingly, we used rat monoclonal antibodies made against cultured, adherent mouse bone marrow cells to compare various mast cell.populations on the -basis of their surface antigen phenotypes. We show here that these -reagents are useful for the classification of mouse mast cells.
MATERIALS AND METHODS
Mice. Male BALB/c mice were.obtained from Goodwin Cancer Research Institute (Plantation, FL) and used at age [5] [6] [7] [8] weeks.
Tissue Culture Media and Reagents. Modified Eagle's medium (ME medium) was prepared from a powdered mix (AutoPow MEM) and supplemented with sodium bicarbonate (2 mg/ ml), glutamine (2 mM) (all from Flow Laboratories, McLean, VA), injectable penicillin G potassium salt (100 units/ml), injectable streptomycin sulfate (100 pxg/ml) (both from Pfizer), and Hepes (15 mM) (Sigma) (H-ME medium). Fetal bovine serum-was obtained from Sterile Systems (Logan, UT).
Production of Monoclonal Antibodies. Antibodies were produced as described in detail (18) . In brief, a Lewis rat was immunized with adherent mouse bone marrow cells from 4-day cultures initiated and maintained using L-cell (clone 929)-conditioned medium as a source of granulocyte/macrophage colony-stimulating factor(s). The immunizing population consisted predominantly of mononuclear phagocytes. Immune rat spleen cells were fused with the mouse myeloma Sp2/0-Ag14, and hybrids were selected for their ability to bind to mononuclear phagocytes but not to granulocytes, lymphocytes, erythrocytes, or fibroblasts (18, 19 Table 2 indicated that mast cells cultured in vitro for 5 weeks had an antigenic phenotype distinct from that of peritoneal mast cells. Because it was conceivable that the phenotype of the cultured cells might alter with prolonged culture, bone marrowderived mast cells were reexamined with the monoclonal antibodies after a total of 14 weeks of culture. No significant difference in phenotype was found (data not shown). The reverse experiment (i.e., long-term culture of resident peritoneal mast cells existing in the population at the time of their explantation) was not possible because these mast cells died in culture and no new ones developed thereafter.
DISCUSSION
The results presented here show that mouse mast cells can be classified on the basis of surface markers recognized by xenoge- Our finding that mast cell populations cultured from bone marrow and spleen had comparable antigen phenotypes confirms and extends earlier observations that these populations are similar, if not identical (23) . The antigenic similarity found between these populations probably reflected the common origin of these cells in the pluripotent hematopoietic stem cell (24) and of the use of the same type of conditioned medium for each culture.
In addition to studying mast cells cultured from bone marrow and spleen, we also were able to examine those cultured from blood buffy coat cells. To our knowledge, this is the first time that normal blood-derived mast cells have been grown in long-term cultures uncontaminated by other cell types. We found that the antigen phenotype of these cells was comparable to the phenotypes of bone marrow and spleen-derived mast cells, suggesting again a similar ontogeny. Thus, mast cells derived from either bone marrow, spleen, or peripheral blood cells under similar conditions of culture would seem to be of one antigenically definable class.
The immunologically-detectable difference between culture-derived and peritoneal mast cells adds to a growing body of evidence that suggests that these two populations represent distinct classes of mast cells. Other evidence includes differences in granule ultrastructure (11, 23, 25) , histamine content (23) , IgE receptor densities (23), glycosaminoglycans (15, 16) , and metabolites of arachidonic acid (17) in the two populations. It should be noted that in many of the above studies, peritoneal mast cells were obtained from rats, whereas mast cells derived in culture were from mice. In contrast, all of our mast cell populations came from mice. Thus, the results described here show that within a single species, two antigenically distinct classes of mast cells exist.
Finally, it should be noted that these antibodies were made against cultured, adherent mouse bone marrow cells that were predominantly of the mononuclear phagocyte series (18, 19) . The antibodies appear to recognize different antigenic determinants because no two antibodies stain mononuclear phagocyte populations identically. In addition, the antibodies do not bind detectably to neutrophils, T or B lymphocytes, or erythrocytes (18, 19) . The reason that the same determinants are selectively expressed on mast cells and mononuclear phagocytes cannot be determined from the work reported here. However, the extent to which common determinants are expressed would seem to be greater than that which could be expected by chance alone.
